The aim of this study was to estimate direct and maternal genetic parameters for age at sale (AS, d), BW (kg), price (PR, €/kg), and market value (MV, €/calf) of Brown Swiss male calves (Bos taurus) from fi rst-(n = 6,719) and second-(n = 4,405) parity dams marketed at livestock auctions from 2003 to 2007, and destined for veal production. Market value was calculated as the product of PR and BW. Restricted maximum likelihood procedures incorporating multiple trait animal models were used to infer genetic parameters for AS, BW, and PR, whereas estimates for MV were from single trait models. Bivariate analyses treating performance of calves from fi rstand second-parity cows as different traits were also performed. Direct heritabilities for AS, BW, and cattle prices ranged from 0.046 to 0.090, 0.078 to 0.130, and 0.064 to 0.152, respectively, and the corresponding maternal heritabilities varied from 0.020 to 0.030, 0.036 to 0.079, and 0.020 to 0.045, respectively. Direct genetic correlations between the traits were generally moderate to high and negative, whereas direct-maternal relationships were moderate to low. Genetic correlation between the same trait recorded on calves from fi rst-and second-parity dams was less than unity, but generally high and positive, suggesting that AS, BW, PR, and MV can be treated as the same traits across parities. As calf price is routinely collected at auctions and shows genetic variation, it can be genetically improved. 
INTRODUCTION
Livestock auctions are a common method of selling cattle in many countries, for example, in the USA (Barham and Troxel, 2007) and Ireland (Mc Hugh et al., 2010) . This practice is common also in northeast Italy, where the marketing of purebred and crossbred calves from dairy herds represents an important source of revenue for the farmers ). Twentyfi ve to 30% of calves sold at auction are purebred Brown Swiss, and more than 95% of these are males (Bittante et al., 2011) .
Factors determining cattle price at auction have been investigated in the past (Ruff et al., 1983; Faminow and Gum, 1986; Schroeder et al., 1988) , and particularly in recent years (Barham and Troxel, 2007; Dal Zotto et al., 2009; Penasa et al., 2009; Schierenbeck et al., 2009; Mc Hugh et al., 2010) . Results suggest that breed, sex, age, parity of the dam, calving diffi culty, year and season of sale, and physical characteristics are important determinants of commercial value of animals.
Information on genetic variation for cattle price is scarce in the literature (Schierenbeck et al., 2009; Mc Hugh et al., 2011) and is lacking in Brown Swiss calves. Understanding if this trait is heritable could address future breeding strategies to increase income from selling young animals. Hence, the objective of this study was to infer direct and maternal heritability for price (PR, €/kg) of Brown Swiss calves destined for veal production as well as its relationships with BW (kg) and age at sale (AS, d).
MATERIALS AND METHODS
Animal Care and Use Committee approval was not obtained for this study because the data were from an existing database. The analyzed records were registered by the Kovieh Cooperative during public livestock auctions in Bolzano-Bozen (Italy) from January 2003 to December 2007. The authors did not have direct control over the care of the animals included in this study.
Data and Editing Procedure
Body weight and PR (€/kg) of purebred Brown Swiss calves were recorded from January 2003 to December 2007 by the Kovieh Cooperative, a wholesale cattle organization operating in Bolzano-Bozen province (eastern Italian Alps). The Kovieh Cooperative collects calves from dairy herds and sells them individually during weekly public auctions in a permanent livestock venue located in Bolzano-Bozen. The selling price is established through offers, and buyers adjust their bids according to the characteristics they can appraise viewing the animal; also, the base value is strongly related to market circumstances. Calves are purchased by veal producers, fattened on farms located in northern Italy using a liquid diet and a small amount of roughage, and slaughtered when they are 5 to 6 mo old.
Only male progeny of fi rst-and second-parity cows were retained in the dataset because there were very few females, as females are almost all kept within the herd as future replacements ). Information on parity number of dams was not directly available and had to be calculated from the dataset. If a dam was older than 20 mo and younger than 40 mo at the birth of her fi rst recorded calf, the cow was classifi ed as fi rst parity (average age at calving: 32 mo); if a dam was older than 30 mo and younger than 55 mo at the birth of her second recorded calf, the cow was classifi ed as second parity (average age at calving: 46 mo). Later parities were not included in the study because of the small number of observations available to infer genetic parameters. Information on date of birth and herd of origin of calves was supplied by the Breeders Association of Bolzano-Bozen province. Age at sale (d) of calves was calculated as the difference between date of auction and date of birth, and market value (MV, €/calf) as the product of PR and BW. Each calf was required to have known parents and both maternal grandparents, herd of origin, AS, BW, and PR. Animals pertaining to twin births or produced by embryo transfer were discarded from the dataset, as well as calves presented more than once at auction. Body weight was restricted to be between 32 and 96 kg, AS between 7 and 50 d, and PR between €1.00/kg and €5.00/kg.
Two contemporary groups were defi ned: herd of origin and date of auction. At least 3 observations were required within each herd, as well as within each date of auction. Also, only herds with calves sold during at least 2 different dates of auction were retained. After editing, 11,124 calves (6,719 from fi rst-and 4,405 from secondparity cows) were available for subsequent statistical investigation. Characteristics of the fi nal dataset are shown in Table 1 .
Statistical Analysis
Non-Genetic Effects. Non-genetic fi xed factors to be included in mixed models for AS, BW, PR, and MV were identifi ed through preliminary least-squares analysis using the GLM procedure (SAS Inst. Inc., Cary, NC). The effect of date of auction signifi cantly (P < 0.001) infl uenced all traits, and thus it was included in all analyses. In addition, age of dam at calving was considered in models for BW (P < 0.05) of calves from both fi rst-and secondparity dams, and for MV (P < 0.01) of calves from fi rstparity cows. Age at calving was grouped into these class- Mackay (1996) .
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slightly younger ( ---Heritability parity dams (Table 2) , whereas estimates for MV were greater for calves from fi rst-(0.125 and 0.045, respectively) than second-(0.064 and 0.037, respectively) parity cows. Coeffi cients of direct and maternal genetic variation for PR were slightly larger for individual progeny of second-(6.7 and 2.9%, respectively) than fi rst-(5.9 and 2.7%, respectively) parity dams, whereas for MV much greater variation was found in calves from fi rst-(8.2 and 4.9%, respectively) than second-parity (5.4 and 4.1%, respectively) cows. Heritabilities from bivariate analyses slightly differed from those presented in Table 2 , and were greater for direct effects when calculated from bivariate models (Table 3) . Information on genetic variation for cattle price is very scarce in the scientifi c literature and, to our knowledge, only a few studies have been attempted to estimate (Tables 2 and 3 ). However, it is worth noting that animals of the German study were adults, and in the Irish study calves belonged to several breed combinations. Heritability estimates for PR and MV in the present work are similar to those for other traits currently included in the selection index of the Brown Swiss breed in Italy, such as protein yield and somatic cell score (Dal Zotto et al., 2007) , and functional longevity (Samoré et al., 2010) . Several recent studies inferred direct genetic effects for carcass price and carcass market value in Japanese Black (Ibi et al., 2006) and Korean (Kim et al., 2010) cattle; heritability estimates from Ibi et al. (2006) were moderate to high and ranged from 0.32 to 0.46, depending on the period considered, whereas Kim et al. (2010) reported heritability of 0.21 and 0.13 for carcass PR and MV, respectively. Maternal heritability for MV was not different from 0 in Mc Hugh et al. (2011) , and was low in our research (Tables 2 and 3). The Irish study also estimated a heritability of 0.10 for MV of cows from several breed combinations and parities, which is similar to our results on calves but much lower than fi ndings from Schierenbeck et al. (2009) on primiparous Holstein cows. Age of calves was not introduced as an explanatory variable in the model for BW to adjust it to a fi xed time because a previous study (Bittante et al., 2011) demonstrated that genetic variation for AS exists under certain circumstances (e.g., the selling of calves at auction), especially if farmers decide to sell animals according to BW and not AS; therefore, biases may occur in subsequent prediction of breeding values for BW if an adjustment for age is performed. Instead, combining AS and BW in multivariate analyses which account for the strong and negative genetic correlation between the traits leads to unbiased predictions of breeding values (Bittante et al., 2011) . In the present study, estimates of direct heritability for AS were greater for calves from second-(0.090) than from fi rst-(0.055) parity dams, whereas estimates for BW were greater for the latter (0.125) than for the former (0.078) animals. Maternal effects for BW were larger in calves from primiparous (0.079) than second-parity (0.036) cows. The coeffi cient of direct genetic variation for AS was slightly larger for the progeny of second-(9.4%) than fi rst-(6.9%) parity dams, whereas for BW greater variation was found in progeny of primiparous (3.8%) than second-parity (2.9%) cows. Coeffi cient of maternal genetic variation for AS was similar across parities (4.8 and 5.1%, respectively) and for BW was greater for calves from fi rst-(3.0%) than second-(2.0%) parity dams. Heritability estimates for direct effects obtained under bivariate analyses treating AS of calves from different parities as different traits (Table 3) were slightly smaller than those reported in Table 2 , whereas estimates for BW were greater when assessed using bivariate analyses.
Direct heritability for AS (Tables 2 and 3 ) is in agreement with a previous study (Bittante et al., 2011) and, to our knowledge, no other estimates of both direct and maternal effects for this trait are currently available. Genetic parameters for BW have been widely investigated in the literature, even though most estimates refer to birth and weaning weight of purebred or crossbred beef animals much older than calves from our study. Information on BW of calves was not available in Mc Hugh et al. (2011); however, the authors estimated direct and maternal heritability of 0.25 and 0.07, respectively, in weanlings sold between 6 and 12 mo of age. Shojo et al. (2006) reported estimates for calf market weight in Japanese Black cattle that ranged from 0.22 to 0.37 for direct, and from 0.07 to 0.15 for maternal genetic effects. Heritabilities of birth and weaning BW in Australian Angus cattle were 0.35 and 0.20, respectively, for direct effects, and 0.08 and 0.09 for maternal effects (Robinson, 1996) . Depending on the model used, estimates for the same traits in 4 lines of Hereford cattle varied from 0.38 to 0.47 and 0.10 to 0.18, respectively, for direct effects, and from 0.09 to 0.14 and 0.13 to 0.34, respectively, for maternal effects (Dodenhoff et al., 1998) . Direct heritability of weaning weight in 9 parental breeds of beef cattle from the United States ranged from 0.11 (Charolais) to 0.34 (Pinzgauer), and from 0.27 to 0.30 for Braunvieh, according to the model used (Dodenhoff et al., 1999) . The corresponding maternal heritability from that study varied from 0.04 (Pinzgauer) to 0.32 (Charolais), and from 0.09 to 0.17 for Braunvieh, which is not greatly different from our fi ndings on BW of calves from fi rst-parity cows (Tables 2 and  3 ). Genetic parameters of pre-weaning traits in the Braunvieh breed were also obtained by Cucco et al. (2009) , who reported values from 0.23 to 0.41 for direct, and from 0.08 to 0.22 for maternal heritability. A study on Simmental calves (Wright et al., 1987) , estimated direct and maternal heritability for weaning weight of 0.12 and 0.09, respectively; these results are similar to our fi ndings on calves from fi rst-parity dams (Tables 2 and 3) . Overall, estimates for direct effects from previous studies were generally much greater than our fi ndings, whereas for maternal effects were almost consistent with our results.
Genetic Correlations
Estimates of genetic correlations between direct effects on AS and BW, and AS and PR were negative and moderate to high, being −0.866 and −0.635 in calves from fi rst-parity dams, respectively, and −0.584 and −0.670 in calves from second-parity dams, respectively (Table 4) . Low genetic correlations were found between BW and PR. Estimates between direct effects on AS and BW are in agreement with results of a previous study on calves of the same breed born at fi rst-parity (Bittante et al., 2011 Ibi et al. (2006) and was −0.35 in Kim et al. (2010) . The authors are not aware of estimates between AS and PR that are currently available in published studies. Genetic correlations between direct and maternal effects were moderate to low, and negative for PR, BW, and MV (Table 4) . Estimates ranged from −0.479 for PR in calves from second-to 0.113 for AS in calves from fi rstparity cows, and showed large SE. Literature on correlations between direct and maternal effects for BW is extensive, and estimates are not always negative. Shojo et al. (2006) reported values of 0.17 and −0.63 for calf market weight in Japanese Black cattle from 2 prefectures, and Wright et al. (1987) estimated a value of 0.16 for weaning weight in Simmental calves. Direct-maternal correlations ranged from −0.07 to 0.29 for birth weight and −0.11 to −0.44 for weaning weight in Hereford cattle (Dodenhoff et al., 1998) , and they were 0.28 and 0.38 for weaning weight in the Braunvieh breed in the United States (Dodenhoff et al., 1999) . The estimate for the same trait assessed on Braunvieh animals under tropical conditions was −0.80 (Cucco et al., 2009) . No information on genetic correlations between direct and maternal effects for AS, PR, and MV has been found in the literature.
Genetic correlations obtained in bivariate models in which AS, BW, PR, and MV of calves from fi rst-and second-parity dams were considered as different traits are shown in Table 3 . Estimates between direct genetic effects were greater than 0.90 for all traits, and between maternal genetic effects were high and ranged from 0.690 for PR to 0.942 for AS. Despite being less than unity, estimates suggest that AS, BW, PR, and MV on calves born at fi rst and second parity are indeed genetically the same traits. Previous work has reported that a genetic correlation of 0.60 (Mulder et al., 2006) or 0.80 (Robertson, 1959) should be set as the threshold that allows for a combining of traits within breeding schemes.
In conclusion, estimates of heritability for studied traits were generally low, but the magnitude of coeffi cients of genetic variation indicates that they can be genetically improved. Genetic correlations for AS, BW, PR, and MV in calves from fi rst-and second-parity dams were less than unity, but generally high, suggesting that there is no need to consider them as different traits. Instead, a combined analysis of calves across parities of their dams would be the best option and would notably simplify the genetic evaluation of sires. Although the Brown Swiss is typically a dairy animal, there is an interest to enhance the profi tability of farmers by improving the price of male calves destined for veal production using data routinely collected at weekly auctions.
LITERATURE CITED
